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CLAIMS 



A method of forming aqf opening through a substrate, the method 
comprising: 

etching into the substrfate from aJtfst side, including forming a first portion 
of the opening; 

d side opposite the first side, 
pening; 

te from at least one of the first side and 
first side and the second side, including 



etching into the substrate fn 
.including forming a seconq portioj 

continuing etching mto th 
the second side toward trfe oth 




communicating the first portion [and the second portion of the opening; and 

etching into the substrate from an interface between the first portion and 
the second portion of thfe opening, including etching toward the second side of 
the substrate and forming a third portion of the opening. 



2. The method of claim 1 , whereiiji etching into the substrate from the 
interface between the first portion and the second portion of the opening includes 
etching toward the second side of thf substrate at an angle to the second side of 
the substrate. 



The method of claim 2, whedein the 



orthogonal to the second side of the substjafc 

4. The method of claim 1 , wherein etching into the substrate from the 
interface between the first portion and the second portion of the opening includes 
etching along at least one side of the second portion of the opening. 



mile is non-parallel and non- 



5. The method of claim 1 , 
includes forming a compound 
portion of the opening. / 



vherein forming the third portion of the opening 
urface between the first portion and the second 
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6. " The method of claim 1 , wherein 
interface between the first portion and 



etching into the substrate from the 
the second portion of the opening includes 



etching toward the first side of the substrate 



7. The method of claim 6, wherein 
interface between the first portion and 
etching toward the first side of the 
substrate. 



8. The method of claim 7, wherein 
orthogonal to the first side of the subs 



9. The method of claim 6, whereir 
interface between the first portion and 
etching along at least one side of the 



etching into the substrate from the 
he second portion of the opening includes 
substrate at an angle to the first side of the 



the angle is non-parallel and non- 
rate. 



1 0. The method of claim 1 , whereir i foi 



includes converging the first portion o 



etching into the substrate from the 
the second portion of the opening includes 
irst portion of the opening. 



the first portion of the opening 
the^opening from the first side toward the 



second side of the substrate, whereirw forming the second portion of the opening 
includes converging the second portion of the opening from the second side 
toward the first side of the substrate, land wherein forming the third portion of the 
opening includes diverging the openijng from the second side toward the first side 
of the substrate. 



1 1 . The method of claim 1 , wherein forming the third portion of the opening 
includes, in a first direction, diverging the opening from the second side toward 
the first side of the substrate and, in a second direction, converging the opening 
from the second side toward the first side of the substrate. 



crystalline plane of the silicon subs 



12. The method of claim 1 , wherein the substrate is a silicon substrate, and 
wherein etching into the substrate irom the first side includes etching along a first 

rate, etching into the substrate from the 
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second side includes etching along a second crystalline plane of the silicon 



substrate, and etching into the substrai 



e from the interface between the first 



portion and the second portion of the opening includes etching along a third 
crystalline plane of the silicon substrato. 

13. The method of claim 12, where n the first crystalline plane, the second 
crystalline plane, and the third crystalline plane of the silicon substrate are each a 
low-index plane of the silicon substrate. 



1 4. The method of claim 1 3, when 



substrate includes a binary plane of the silicon substrate. 



15. The method of claim 12, whefein 
crystalline plane of the silicon substrfate 
substrate and the third crystalline plpne 
plane of the silicon substrate. 



substrate includes a binary plane o 



in the low-index plane of the silicon 



first crystalline plane and the second 
arl^each a low-index plane of the silicon 
o\xm silicon substrate is a high-index 



16. The method of claim 15, whe rein the low-index plane of the silicon 



the silicon substrate and the high-index plane 



of the silicon substrate includes a non-binary plane of the silicon substrate. 



1 7. The method of claim 1 , wheifein 
side includes anisotropically wet etching 



18. The method of claim 1 , whefein 
side includes anisotropically wet etching 



etching into the substrate from the first 
into the substrate. 



etching into the substrate from the second 
into the substrate. 



19. The method of claim 1 , wherein etching into the substrate from the 
interface between the first portion and the second portion of the opening includes 
anisotropically wet etching into the substrate. 
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A method of forming a substrate for a fluid ejection device, the method 
comprising: 

etching a first portion of a fl uidic channel into the substrate from a first 

side; 

etching a second portion o the fluidic channel into the substrate from a 
second side opposite the first side ; 

continued etching of at leant one of the first portion and the second portion 
of the fluidic channel to the other of the first portion and the second portion of the 
.fluidic channel; and 

overetching the second po lion of the fluidic channel from an interface 
between the first portion and the second portion of the fluidic channel, including 
etching toward the second side of the substrate. 



from 



21 . The method of claim 20, wherein 
fluidic channel includes etching 
the second portion of the fluidic 
at an angle. 



oiferetching the second portion of the 
thesint^rface between the first portion and 
channel toward the second side of the substrate 



orthogonal to the second side of 



22. The method of claim 21 , wierein the angle is non-parallel and non- 



he substrate. 



/lie 



23. The method of claim 20, wlierein overetching the second portion of the 
fluidic channel includes overetchiifig at least one side of the second portion of the 
fluidic channel. 

24. The method of claim 20, w "lerein overetching the second portion of the 
fluidic channel includes forming a compound surface along at least one side of 
the second portion of the fluidic channel. 



25. The method of claim 20, 
channel from the interface between 
fluidic channel includes etching 



herein overetching the first portion of the fluidic 
en the first portion and the second portion of the 
toward the first side of the substrate. 
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26. The method of claim 25, wherein overetching the first portion of the fluidic 
channel includes etching from the interface between the first portion and the 
second portion of the fluidic channel toward the first side of the substrate at an 
angle. 

27. The method of claim 26, wherein the angle is non-parallel and non- 
orthogonal to the first side of the substrate. 




28. The method of claim 25, whefein overetching the first portion of the fluidic 
channel includes overetching at leapt one side of the first portion of the fluidic 
channel. 

29. The method of claim 20, wljlerein etdhihg the first portion of the fluidic 
channel includes converging the first portion ofthe fluidic channel from the first 
side toward the second side of th ) substrate, wherein etching the second portion 
of the fluidic channel includes converging the second portion of the fluidic 
channel from the second side toward the first side of the substrate, and wherein 
overetching the second portion o the fluidic channel includes diverging the 
second portion of the fluidic channel from the second side toward the first side of 
the substrate. 

30. The; method of claim 20, wherein overetching the second portion of the 
fluidic channel includes, in a first direction, diverging the second portion of the 
fluidic channel from the second s de toward the first side of the substrate and, in 
a second direction, converging the second portion of the fluidic channel from the 
second side toward the first side of the substrate. 



31 . The method of claim 20, wherein the substrate is a silicon substrate, and 
wherein etching the first portion/of the fluidic channel includes etching along a 
first crystalline plane of the silicon substrate, etching the second portion of the 
fluidic channel includes etching along a second crystalline plane of the silicon 
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etching along a third crystalline 



substrate, and overetching the second portion of the fluidic channel includes 



ane of the silicon substrate. 



32. The method of claim 31 , wherein the first crystalline plane, the second 
crystalline plane, and the third crystalline plane of the silicon substrate are each a 
low-index plane of the silicon substrate. 

33. The method of claim 32, wherein the low-index plane of the silicon 
. substrate includes a binary plane of the silicon substrate. 



1 

m 



34. The method of claim 31 , wherein the first crystalline plane and the second 
crystalline plane of the silicdn substrate are each a low-index plane of the silicon 
substrate and the third crystalline pla/lp of the silicon substrate is a high-index 
plane of the silicon substrate. 



m 

TSBS? 

Q 



35. The method of claim 34, wher&m the low-index plane of the silicon 
substrate includes a binary plane of the silifcon substrate and the high-index plane 
of the silicon substrate includes a non-binary plane of the silicon substrate. 

36. The method of claim 20, wherein etching the first portion of the fluidic 
channel includes anisotropically wet etching into the substrate from the first side. 



37. The method of claiim 
channel includes anisotropically 
side. 



38. The method of 
fluidic channel includes 
first portion and the 



39. The method of 
the first portion and the 



\ 



20, wherein etching the second portion of the fluidic 
wet etching into the substrate from the second 



cliim 20, wherein overetching the second portion of the 
anisotropically wet etching from the interface between the 
second portion of the fluidic channel. 



cliaim 20, wherein continued etching of the at least one of 
second portion of the fluidic channel includes 
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communicating the first portion and the second portion of the fluidic channel and 
forming the interface between the f irpt portion and the second portion of the 
fluidic channel. 



device, the substrate comprising: 



A substrate for a fluid ejectic 
a first side; 

a second side opposite the first side; and 

a fluidic channel communicating with the first side and the second side, 
wherein a first portion of the fluidic channel extends from the first side 
toward the second side, a second/portion of the fluidic channel extends from the 
second side toward the first side, and a third portion of the fluidic channel extends 
from an interface between the firsjt portion and the second portion of the fluidic 
channel toward the second side. 

41 . The substrate of claim 40, |whereiVi<|he third portion of the fluidic channel 
extends from the interface between the fi\st portion and the second portion of the 
fluidic channel toward the first side. 

42. The substrate of claim 40, wherein the third portion of the fluidic channel 
extends between the second port on of the fluidic channel at the second side and 
the first portion of the fluidic channel. 

43. The substrate of claim 40, wherein the third portion of the fluidic channel 
extends from at least one side of the second portion of the fluidic channel. 



44. The substrate of claim 43, 
extends from two opposing sides 



vherein the third portion of the fluidic channel 
Df the second portion of the fluidic channel. 



45. The substrate of claim 40, 
includes a compound surface 
portion of the fluidic channel. 



wherein the third portion of the fluidic channel 
extending between the first portion and the second 
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46/ The substrate of claim 40, wherdin the first portion of the fluidic channel 
has a substantially triangular-shaped cross-section, wherein the second portion 
of the fluidic channel has a substantially triangular-shaped cross-section, and 
wherein the third portion of the fluidic ghannel has a substantially diamond- 
shaped cross-section. 

47. The substrate of claim 46, wherein the substantially diamond-shaped 
cross-section of the third portion of trie fluidic channel diminishes in size from the 
.second portion of the fluidic channef toward an end of the first portion of the 
fluidic channel. 



48. The substrate of claim 40, Wherein ftae first portion of the fluidic channel 
converges from the first side towara the second side, wherein the second portion 
of the fluidic channel converges from the sjsco^d side toward the first side, and 
wherein the third portion of the flu/die channel diverges from the second side 
toward the first side. ' 1 



49. The substrate of claim 40,Jwherein, in a first direction, the third portion of 
the fluidic channel diverges from/the second side toward the first side and, in a 
second direction, the third portio i of the fluidic channel converges from the 
second side toward the first side . 

50. The substrate of claim 4u, wherein the first portion of the fluidic channel is 
etched into the first side toward /the second side, the second portion of the fluidic 
channel is etched into the second side toward the first side, and the third portion 
of the fluidic channel is etched firom the interface between the first portion and the 
second portion of the fluidic channel toward the second side. 



51 . The substrate of claim 5 
etched at an angle which is no 



D, wherein the third portion of the fluidic channel is 
i-parallel and non-orthogonal to the second side. 
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52/ The substrate of claim 50, wherein the first portion of the fluidic channel is 
anisotropically wet etched into the finst side toward the second side. 

53. The substrate of claim 50, wherein the second portion of the fluidic 
channel is anisotropically wet etched into the second side toward the first side. 

54. The substrate of claim 50, wherein the third portion of the fluidic channel is 
anisotropically wet etched from the interface between the first portion and the 
second portion of the fluidic channel toward the second side. 
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55. The substrate of claim 401 wherein the substrate is a silicon substrate, 
wherein the first portion of the f luidic^channel is formed along a first crystalline 
plane of the silicon substrate, me s^cohjd portion of the fluidic channel is formed 
along a second crystalline planfe of t[Hp sfficon substrate, and the third portion of 



the fluidic channel is formed al<j>ng a\tlpird 
substrate. 



/stalline plane of the silicon 



56. The substrate of claim 55, wherein the first crystalline plane, the second 
crystalline plane, and the third crystalline plane of the silicon substrate are each a 
low-index plane of the silicon substrate. 



57. The substrate of claim 56, wherein the low-index plane of the silicon 
substrate includes a binary plane of the silicon substrate. 

58. The substrate of claim 55, wherein the first crystalline plane and the 
second crystalline plane of the silicon substrate are each a low-index plane of the 
silicon substrate and the third! crystalline plane of the silicon substrate is a high- 
index plane of the silicon substrate. 



59. The substrate of claim 58, wherein.the low-index plane of the silicon 
substrate includes a binary ©lane of the silicon substrate and the high-index plane 
of the silicon substrate includes a non-binary plane of the silicon substrate. 



ll|C 
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A substrate for a fluid ejection device, the substrate comprising 
a first side; 

a second side opposite the first 
a fluidic channel communicatinc 



side; and 

with the first side and the second side, 



wherein a first portion of the fluidic channel converges from the first side toward 
the second side, a second portion of tne fluidic channel converges from the 
second side toward the first side, andla third portion of the fluidic channel 
diverges from the second side toward the first side. 

61 . The substrate of claim 60, whorein the third portion of the fluidic channel 
diverges from the second side toward the first side in a first direction and 



converges from the second side toward the first side in a second direction 



has one of a substantially triangular- 



62. The substrate of claim 60, wherein 



shape 




portion of the fluidic channel 
ss-section and a substantially 



trapezoidal-shaped cross-section, wherein |e second portion of the fluidic 
channel has one of a substantially triangular-shaped cross-section and a 
substantially trapezoidal-shaped cross-section, and wherein the third portion of 
the fluidic channel has one of a substantially diamond-shaped cross-section and 
a substantially trapezoidal-shaped cross-section. 

63. The substrate of claim 62, wierein the one of the substantially diamond- 
shaped cross-section and the substantially trapezoidal-shaped cross-section of 
the third portion of the fluidic chanr el diminishes in size from the second portion 
of the fluidic channel toward an end of the first portion of the fluidic channel. 

64. The substrate of claim 60, wherein the first portion of the fluidic channel 
has a substantially triangular-shaped cross-section, wherein the second portion 
of the fluidic channel has a substantially triangular-shaped cross-section, and 
wherein the third portion of the flu die channel has a substantially diamond- 
shaped cross-section. 
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65. The substrate of claim 64, when 
cross-section of the third portion of the 
second portion of the fluidic channel toward 
fluidic channel. 



66. The substrate of claim 60, wher 



of the fluidic channel has a substantia 



in the substantially diamond-shaped 
fluidic channel diminishes in size from the 
an end of the first portion of the 



in the first portion of the fluidic channel 



has a substantially triangular-shaped cross-section, wherein the second portion 



y triangular-shaped cross-section, and 



wherein the third portion of the fluidic cphannel has a substantially trapezoidal- 
shaped cross-section. 

67. The substrate of claim 66, whefeirji^he substantially trapezoidal-shaped 



cross-section of the third portion of tho 
second portion of the fluidic channel tpwai 
fluidic channel. 



68. The substrate of claim 60, whejrein 
has a substantially trapezoidal-shape j 
of the fluidic channel has a substantially 
wherein the third portion of the fluidic 
shaped cross-section. 



fluidjc channel diminishes in size from the 
n end of the first portion of the 



the first portion of the fluidic channel 
cross-section, wherein the second portion 
trapezoidal-shaped cross-section, and 
channel has a substantially diamond- 



69. The substrate of claim 68, wherein the substantially diamond-shaped 
cross-section of the third portion of the fluidic channel diminishes in size from the 



second portion of the fluidic channel 
fluidic channel. 



oward an end of the first portion of the 



70. The substrate of claim 60, wherein the first portion of the fluidic channel 
has a substantially trapezoidal-shaped cross-section, wherein the second portion 
of the fluidic channel has a substantially trapezoidal-shaped cross-section, and 
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wherein the third portion of the fluidic channel has a substantially trapezoidal- 
shaped cross-section. 

71 . The substrate of claim 70, wherein jjjji substantially trapezoidal-shaped 
cross-section of the third portion of the Jluijdic channel diminishes in size from the 
second portion of the fluidic channel toward an end of the first portion of the 
fluidic channel. 



o 
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